Nano-optomechanical systems (NOMS) offer many advantages in transducing nanomechanical motion. These include very high displacement sensitivities along with very large frequency detection bandwidths due to their optical nature [1] . It follows from this that NOMS are a promising avenue for on-chip nanomechanical mass sensing. Nanomechanical beams are becoming smaller to increase their mass sensitivity and nanophotonic detection is well suited to transduce these smaller devices [2] .
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To take full advantage of the operational frequency properties that NOMS devices possess it is important to drive the devices optically as well. Here, a single laser modulated drive and detection (SLMDD) system is modeled and demonstrated. The setup operates similarly to a traditional NOMS pump/probe system, but instead of using a separate probe laser with a constant output power, the probe laser is power modulated to coherently drive the nanomechanical resonator using an optical gradient force [1] .
Using the SLMDD system the second laser source and its optical filter can be removed from a standard NOMS measurement system reducing the cost and complexity. This results in a signal which is a combination of the modulated optical pump power and the Lorentzian response of the nanomechanical cantilever as shown in Fig. 1 .
Although the signal exhibits a non-traditional shape, it still characterizes the mechanical frequency of the beam. This metric is often used to quantify nanomechanical sensor measurements. As such, the shape is of secondary importance as long as it is understood. We fit the measured SLMDD response with good agreement to our analytical model, as shown in Fig 2. The mechanical frequency and mechanical quality factor of a cantilever is extracted from measurements with several different optical drive magnitudes. The validity of the method is confirmed by comparing these values to those measured from its thermomechanical noise response. The TM noise is measured using a standard nanophotonic detection scheme [2] . The values extracted from the SLMDD response and the TM noise response agree as is expected.
Lastly, to demonstrate a SLMDD implementation in a nanomechanical inertial mass loading experiment, the device is driven with low noise and its frequency is tracked using a phase-locked loop. In such a system, the estimated mass resolution of the device is measured to be 6 zg. This is consistent with similar devices measured with more traditional methodologies.
